Various fossil lungfish taxa preserve distinct depressions on the smooth postbranchial lamina of the dermal pectoral girdle. 
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The dermal pectoral girdle of fossil sarcopterygians and associated muscle attachments 19 The role of the clavobranchialis in feeding and respira- (Jarvik, 1972: fig. 28 ), and several fossil lungfishes (Miles, 1977; Wang et ah, 1993; Campbell & Barwick, 1988a , 2002 Barwick & Campbell, 1996;  ' KSW Campbell, pers. comm. 2002) . However, recent research on the chondrichthyan musculature Glyptolepis (Lebedev, 1995: fig. 18B ), Medoevia (Long et ah, 1997: figs 39, 48B, D), Gogonasus (Jarvik, 1980 (Lauder, 1979 (Lauder, , 1980 (Lauder, , 1982 (Lauder, , 1983a (Lauder, , b, 1985 Bemis, 1987; Bemis & Lauder, 1986; Reilly & Lauder, 1990) . This was described as a generalised mechanism for the Gnathostomata, occurring in acanthodians, actinopterygians, extant lungfishes, coclacanths (the latter two groups representing the piscine Sarcopterygii) and aquatic salamanders (Lauder, 1980 (Lauder, , 1982 (Lauder, , 1985 Bemis & Lauder, 1986; Campbell & Barwick, 1987 , 1988a Maisey, 1989; Reilly & Lauder, 1990 (Moss, 1977; Mallatt, 1996; Motta et ah, 1997: lig. 4), indicating a link between the activity of these muscles and the movement of water and food into the mouth. Similar activity of the clavobranchialis musculature has not been examined in sarco- pterygians (extant lungfish) nor in actinopterygians (Lauder, 1979 (Lauder, , 1982 (Lauder, , 1983a Bemis & Lauder, 1986 (e.g., Lauder, 1980 Lauder, , 1982 , does not occur in chondrichthyans (Wilga et ah, 2000) , nor in placoderms (Johanson, in press ).
In these taxa the coracomandibularis, inserting at the jaw symphysis, opens the mouth.
Materials and methods
Specimens illustrated were either photographed after being coated with an ammonium chloride sublimate (Figs 3, 4, 5) (Lauder, 1985) . Additionally, actinopterygians (e.g., Alexander, 1969 Liem, 1970; Lauder, 1983b) , lepidosirenid lungfish (Protopterus and Lepidosiren (Bemis, 1987; Bemis & Lauder, 1986) ) and aquatic salamanders (Lauder, 1980 (Lauder, , 1982 , and the negative pressure generated within the mouth cavity of these taxa was considered to be relatively low (Lauder, 1980 Andrews & Westoll, 1970a, b; Jarvik, 1972 Jarvik, , 1980 Miles, 1977; Long, 1989; Fox et ah, 1995; Lebedev, 1995 (Watson & Gill, 1923; Miles, 1977; Long, 1987; Pridmore et ah, 1994; Barwick & Campbell, 1996; Campbell & Barwick, 1999) (Forey, JM, 1998) , onychodonts (Jessen, 1966) (Jarvik, 1972) . Youngolepis (Chang, 1991) is also assigned to the Dipnomorpha (Ahlberg, 1991) (Jarvik, 1972 (Jarvik, , 1980 Fox et ah, 1995; Lebedev, 1995 (Andrews, 1973 (Andrews, , 1985 Andrews & Westoll, 1970b; Long, 1989; Jeffery, 2001; Johanson & Ahlbcrg, 1998 described for Sagenodus (Watson & Gill, 1923) (Jessen, 1972; Jollie, 1982; Lauder & Liem, 1983;  the 'inner and ventral edges' of the pectoral girdle Wiley, 1979; Jollie, 1982) . Five clavobranchiales are present, with the anterior four slips arising from a single origin and the fifth from a second origin just posterior to the first Andrews & Westoll, 1970a: figs 31,32; Janvier, 1980; Janvier & Marcoux, 1976; Fox et ah, 1995) .
Other muscles associated with the gill arches (e.g., transversi ventrales) run between the different elements of the arches themselves, and function to constrict or contract these elements rather than depress them (Wiley, 1979; Jollie, 1982 (Janvier, 1996 (Janvier, ,2001 (Heintz, 1932 (Heintz, , 1975 Stensio, 1959; 0rvig, 1975; Young, 1980 Lauder, 1980 Lauder, , 1982 Lauder, , 1983a Lauder, , 1985 Bemis & Lauder, 1986 (Liem, 1970; Lauder & Liem, 1981; Lauder, 1983) ). Additionally, several of these studies have investigated morphological specialisations designed to increase the efficiency of mouth expansion and suction of food, air or aerated water into the oral cavity. These specialisations characterise derived actinopterygians (Alexander, 1969 (Alexander, , 1970 Liem, 1970 Liem, , 1980 Lauder, 1980 Lauder, , 1982 Lauder & Liem, 1983) Lauder, 1985) , and certain sharks (Moss, 1977; Motta & Wilga, 1999) . Lauder (1980: 315) (Motta et ah, 1997; Mallatt, 1996) and that modifications in these muscles can improve the efficiency of suction feeding in certain
sharks (Moss, 1977; Motta & Wilga, 1999 (Lauder, 1980 (Lauder, , 1982 (Lauder, , 1985 Liem, 1980; Lauder & Liem, 1983) Bemis, 1987: 263) which narrow the gape of the mouth to achieve the same effect and prevent water from escaping laterally (Lauder, 1985: fig. 12 (Campbell & Barwick, 1987 , 1988b Barwick & Campbell, 1996) , but there is no evidence that these interlocked as in Lepidosiren.
Additionally in halecostome actinopterygians, a second jaw-lowering mechanism acts through the opercular series of bones and the retraction of the levator operculi (Alexander, 1969; Liem, 1970 Liem, , 1980 Lauder, 1980 (Bemis, 1987; Bemis & Lauder, 1986; Gillis & Lauder, 1994; Reilly, 1995 Reilly, , 1996 Reilly & Lauder, 1990 ).
Lauder (1980) noted that the features characterising the halecostome actinopterygians were absent in more primitive actinopterygians, and would also be lacking in fossil sarcopterygians.
For example, the maxilla is firmly fixed to the skull in sarcopterygian fishes (Jarvik, 1980; Long, 1989; Fox et (Miles, 1977; Janvier, 1996) . There is no evidence of an interopercular bone in these taxa.
Neoceratodus lacks the lepidosirenid specialisations described above, and it is likely that most fossil lungfish lack them as well (Neoceratodus is more closely related to Lepidosiren + Protopterus than to most fossil lungfish (e.g., Schultze & Marshall, 1993) (Lauder, 1985; Campbell & Barwick, 1988b) . In plesiomorphic actinopterygians and fossil sarcopterygians, the pectoral girdle is large, and attached to the dorsal roof of the skull via a succession of bones (lessen, 1972; Jarvik, 1980; Lauder, 1980; Lauder& Liem, 1983; Gardiner, 1984; Johanson & Ahlberg, 1997; Fig. 7) . This is also the case in fossil lungfishes, where the girdle is stout (e.g., Figs 1-3) and joined to the dorsal skull toot via a well-developed anocleithrum (Schultze, 1977 (Schultze, > 1987 Jarvik, 1980; Barwick & Campbell, 1996; Schultze & Chorn, 1998 (Bends, 1987) . Additionally, the anocleithrum is absent (Owen, 1841; Bishop & Foxon, 1968; McMahon, 1969; Bemis, 1987) , and the pectoral girdle, freed from its connection to the skull, is stabilised during retraction by muscular attachment to the cranial rib (Bishop & Foxon, 1968; Bemis, 1987) . Cranial ribs, articulating to the occipital region of the skull, also occur in Neoceratodus (Gunther, 1871) and have been recognised in a variety of fossil lungfish (Schultze, 1975; Long, 1993; Ahlberg et al., 2001 ).
However, only in lepidosirenids are the cranial ribs substantially larger than the pleural trunk ribs, and they articulate to the rear of the chondrocranium via a moveable synovial articulation (Bemis, 1987) .
The cranial rib is more similar in size to other ribs in Neoceratodus and the fossil taxa, and the synovial articulation is absent (Gunther, 1871; Miles, 1977; Bemis, 1987 (Lauder, 1985) or respiring by gulping air (Bishop & Foxon, 1968; Campbell & Barwick, 1988b (Lauder, 1983a: 28) . This is comparable to data from extant sharks indicating that the coracobranchialis muscles were active and moving the ventral gill arches during feeding (Motta et ah, 1997: fig. 4 ) and respiration (Mallatt, 1996) . Liem, 1970; Lauder, 1983a) . Denticulated plates do occur on the branchial arches of Griphognathus and (Miles, 1977; Campbell & Barwick, 1987 , but these appear to be largely restricted to the midline basibranchials.
A plate was also said to be present on a basihyal or basibranchial of a species of Holodipterus (Pridmore et al., 1994) , but it lacks denticles entirely (Campbell & Barwick, 1999: fig. 13C ), and the muscle attachment for the clavobranchiales on the pectoral girdle was relatively small. By comparison, denticulated plates are absent in other taxa, including Chirodipterus, in which the clavobranchiales muscle attachments were quite large (Miles, 1977; Fig. 2) . Among non-dipnoan sarcopterygians, denticulated plates are present on the branchial arches of Eusthenopteron (Jarvik, 1980) (Lebedev, 1995 (Edgeworth, 1935; Miyake et ah, 1992; Motta & Wilga, 1995 Mallatt, 1996) . Developmentally, both muscle groups derive from the paraxial mesoderm, the branchial from the more anterior unsegmented cranial paraxial mesoderm and the hypobranchial from the more posterior segmented somitic paraxial mesoderm (Schilling & Kimmel, 1994 , 1997 Hacker & Guthrie, 1998 (Janvier, 1996) . In the Osteostraci, the pectoral girdle is anteriorly positioned, and is part of the headshield, while the scapulocoracoid supporting the fin is located on a lateral extension of the rear wall of the oropharyngeal cavity (Janvier, 2001 (Stensio, 1927;  fig. 40 ). Intrabranchial muscles contracting the gill arches have been reconstructed in osteostracans (Janvier, 1985: figs 14B, 19B) , and increases in the size of the oropharyngeal cavity may have depended on passive recoil ol these muscles during expiration, as in extant lampreys (Randall, 1972) . (ventilation) and increased predation or foraging associated with the evolution of jaws (Mallatt, 1996 (Janvier, 1996: fig.   4 (Janvier, 1996: fig. 4 .53; Johanson, 1997 (Schaeffer & Thomson, 1980; Janvier, 1996; Mallatt, 1996) . In osteostracans, the gill arch is lateral relative to the gills, as in lampreys (Janvier, 1985) . do not seem to be affected (Miller et ah, 2000: fig. 
7E, F).
A dorsal-ventral gradient in gene expression appears to be absent in lampreys (Kimmel et (Roberts, 1950; Mallatt, 1996) . A comparable set of muscles is reconstructed for the Osteostraci (Janvier, 1985: fig.   19 ), and a ventral gill arch musculature is absent.
Another explanation for the absence of both the clavobranchiales/coracobranchiales and the hypo- 
